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#+!$N'!$ s#,$ P_$,,$Sf&./Q -$0*'($942$1$ 70&#2'-+ 7"17#-&24)*0!42+ 
)&(&!(4# )4 ,0!#4'!475 '!$*0*A42&A43 *$'(@701 -*$.-*+ #4-2"% 0 #4-74-
2'-&./*0&*0& (&% (&./*0!0= ?0!#4$*$90-$ #&*(A&*42'!$ %&'( .&**+, *$#-6-
)-0&, <$)$2.-+, )9$ '7&.%$90'("2 - #":*+./ )-0&)-0*3 2 (+, !4*'&#2$(4-
#"23 74*0&2$: 74-2$9$ *$ 2+!#+.0& 70&#20$'(!"2 74*0:&% e3Jw 2$A=3 7#-+ 
7#&.+-%0 JGlw $*$90-42$*&A4 '(6:&*0$15= W4*'&#2$(4#-+ *0& ,4A@ 74-24-
908 '4<0& *$ 74<#$*0& )5:+./ 7#"<&! - 4<0&!("2 -$<+(!42+./3 )9$(&A4 (&: 
74<0&#$*& '@ *$%.-6H.0&% 7#"<!0 2 '!$90 ,0!#4= a#-+ -$'(4'42$*05 )&(&!(4-
#$ ^CY 2+!#+2$*& '@ 2'-+'(!0& 70&#20$'(!03 !("#& ,$%@ 90.-<6 $(4,42@ 
206!'-@ *0: <4# D] ,$ 90.-<6 $(4,42@ TxlE= >&)*$!:& *$9&:+ 74)!#&H9083 
:& 4!#&H9&*0& -$2$#(4H.0 70&#20$'(!"2 9&!!0./ 4<$#.-4*& %&'( )5:4 206!-
'-+, <16)&, *0: 70&#20$'(!"2 .06:!0./= q$*0, 7#"<!$ -4'($*0& 74))$*$ 
<$)$*04, 7#-+ 2+!4#-+'($*05 )&(&!(4#$ ^CY3 2 .&95 5-+'!$*0$ 0*O4#,$-
.%0 4 #4-,0&'-.-&*05 70&#20$'(!"2 2 7#"<.& 2+!4#-+'(+2$*+ %&'( )&(&!(4# 
5,4:9020$%@.+ 2+!#+.0& &9&!(#4*"2 &9$'(+.-*0& 4)<0(+./ ]B^ D$*A= ? 8&/8 %N
%(6(B* (.(8%6+#/E= T*$90-+ B^?S^CY 0 B^?S]B^ '@ <$#)-4 74,4.*& 0 ./6(-
*0& 2+!4#-+'(+2$*& 74).-$' <$)$*0$./ #":*&A4 #4)-$%5 4<0&!("2 -$<+(-
!42+./3 2 (+, 4<0&!("2 '!"#-$*+./16= C&(&!(4# ]B^ 520)$.-*0$ !4*-
(#$'( -20@-$*+ -& '!1$)&, 70&#20$'(!42+, <$)$*&% 7#"<!0 D(-2= T kon-
(#$'(E= >&'( (4 ,4:902& -& 2-A96)5 *$ -)49*4H8 4)<0%$*0$ &9&!(#4*"2 7#-&- 
$(4,+ 70&#20$'(!"23 !("#$ (4 -)49*4H8 2 )5:+, '(47*05 -$9&:+ 4) 90.-<+ 
$(4,42&% q 0 #4H*0& 2#$- - %&% 2-#4'(&,Jn= I 7#$!(+.& 4-*$.-$ (43 :& 0, 
206!'-$ H#&)*0$ 90.-<$ $(4,42$3 (+, <$#)-0&% %$'*& '@ ,0&%'.$ D$: )4 <0&-
90 21@.-*0&E *$ <$)$*+, 4<'-$#-& 7#"<!0= `$(4,0$'( 0, ,*0&%'-$ H#&)*0$ 
90.-<$ $(4,42$ 70&#20$'(!"23 (+, .0&,*0&%'-& '@ 4<'-$#+ D$: )4 '-$#4-
 15 2$&6+/&+9$ * (.(&%6+#+, 3 #&)= T= ]$#<$.!03 a4-*$N Keen3 '= JmGJn=
 16 T= i& _$.3 H6(.$'$# 6-*6(/( 681*+#*3."(/*' B(*+4 * % ,(B*.( %1(6U*9 681'(#%* #B*6 ??$%N/&$#3 u2;v 
H 681'(#%*  #B* .( %1(6* 1(6$% 3(K* <+#/(6> %$+#NS(/%+6 %$+#3 #&)= ^= >$<14N'!$3 f= W4-0&9&.3 f4#5N 
KeJK3 '= dJ 0 *=L _= T<)&9S?$!'45)3 7# .-%$8 .* %(81#$V"(/*"/(B* 4+6* %1(*(> ." %$+#*+4 * *EW%1* 8(#%"6-*
V"6 #$8*' #"/86$9%*8+#B$%$+#/3 k?&$'5#&,&*(Q KeJJ3 (= dd3 *# c3 '= JmJKL ]= a&,<&#(4*3 a= `&993 
DB(#%$X8 %$+#* +4 *  *,1$%(* /"?/% #8(* +#*YZ%1* 8(#%"6-* .( %1(6* ?$#B$#3/3 kTZbb? ]599&(0*Q3 Kee[3 (= MJ3 
s. 28–35.
 Jn 2$&6+/&+9$ * (.(&%6+#+, 3 '= [l=
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.-$#*&A43 .-$#*&A4E3 !("#& (24#-@ (& 70&#20$'(!0 2 4<#6<0& 7#"<!0 D&'(#$ -)$
.E= `$ 74)'($20& 4<#$-5 ,0!#4'!4742&A4 5-+'!$*&A4 7#-+ 5:+.05 )&(&!-
(4#$ ]B^ ,4:&,+ -4#0&*(42$8 '06 2 #4-,0&'-.-&*05 70&#20$'(!"2 .06:-
'-+./ 0 9:&%'-+./ 2 4<#6<0& 7#"<!0 0 2+<#$8 ,0&%'.$ )4 <$)$N '-.-&A"14-
2+./ 7#-+ 5:+.05 )&(&!(4#$ ^CY= 
T*$90-$ B^?S^CY '(2$#-$ )5:& ,4:9024H.0 2 $*$90-42$*05 '!1$)5 
70&#20$'(!42&A4 7#"<&!= >$! 7#-+!1$)+ ,4:*$ 2+,0&*08;
 $E 5-+'!$*0& (-2= ,$7 #4-,0&'-.-&*0$ 74%&)+*.-+./ 70&#20$'(!"2 D$*A= 
' 99$#3) (&'(#$ /)$ 0EL
 <E 5-+'!$*0& ,$7 )9$ )2"./ 95< 206.&% 70&#20$'(!"2 %&)*4.-&H*0& 
(&'(#$ 1)$ %2EL
 .E *$14:&*0& ,$7 70&#20$'(!"2 *$ 4<#$- 5-+'!$*+ 7#-+ 5:+.05 )&(&!(4#$ 
]B^ D$ 206. 4<#$-5 !494#42&A4 *$ 4<#$- 2 '!$90 4).0&*0 '-$#4H.0EL
 )E 2+!4*$*0& $*$90-+ .$1&% 7420&#-./*0 <$)$*&% 7#"<!0 95< %&% O#$A,&*(5 
747#-&-; -$-*$.-&*0& 4<'-$#"2 4 #":*+./ !'-($1($./ D&'(#$ %%E3 -$-*$-
.-&*0& 75*!("2 95< 90*00 D%&)*4.-&H*0& ,4:*$ -$-*$.-+8 20&9& 2+<#$-
*+./ 4<'-$#"2EL 
 &E 2+!4*$*0& $*$90-+ %$!4H.042&% 0 094H.042&% 70&#20$'(!"2 2 4<#6<0& <$-
)$*&A4 4<'-$#5= ?06)-+ 0**+,0 5-+'!5%& '06 2+#$:4*@ 2 7#4.&*.0& 
$(4,42+, 0*O4#,$.%6 4 -$2$#(4H.0 -0)&*(+s!42$*+./ 70&#20$'(!"2 
((34#$ %E= C$*& (& 5,4:9020$%@ 4!#&H9&*0& 7#-+<90:4*+./ 2-4#"2 '5,$-
#+.-*+./ '5<'($*.%0 ./&,0.-*+./ -*$%)5%@.+./ '06 2 7#"<.&= \'($9&*0& 
2-4#5 -20@-!5 ./&,0.-*&A4 51$(20$ ($!:& 74#"2*$*0& ,0&%'. *$!1$-
)$*0$ '06 74'-.-&A"9*+./ 70&#20$'(!"2 2 ,$7$./=
q& 2-A96)5 *$ -#":*0.42$*0& (474A#$s.-*& 7#"<!03 <$)$*04, 74))$-
2$*& '@ *$%.-6H.0&% *$'(675%@.& %&% 4<'-$#+;
 $E 7420&#-./*0$ 7#"<!0 '!"#+L
 <E 7#-&!#"% 7#"<!0 '!"#+ D!9$'+.-*+; 4 !@.0& #"2*+, 95< -<90:4*+, )4 
90oE G *$ .$1&% %&% A#5<4H.0 D7#"<!$ 2+.0*$*$ %&'( '!$97&9&, ./0#5#A0.--
*+, 0 4<'&#242$*$ 2 74'($.0 *0&-$(4704*&% 95< -$(4704*&% 2 :+20.+3 
*7= $!#+942&% G PC5#$.#+9 a95'QEL
 .E 7420&#-./*0$ 7#"<!0 '!"#+ 2#$- 7#-&!#4%&, '!4H*+, G *$ .$1&% A#5-
<4H.0 '!"#+ D.06.0& '!4H*& 2+!4*+2$*& %&'( '!$97&9&, ./0#5#A0.-*+, 
4) 2$#'(2+ 90.42&% )4 '(#4*+ ,0-)#42&%3  !"#$ *EL
 )E O#$A,&*(+ 2$#'(2 '!"#+ D*7= - !#5'-@.&A4 '06 90.$EL
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f$<&9$= J= I+*0!0 <$)$N ^CY 7#"<!0 '!"#+ A$#<42$*&% ./#4,424 74./4)-@.&% - 1$(-
!0 D74 YYS20&.-*+./ #&7&#$.%$./E 5:+(&% )4 2("#*&% 47#$2+ DYhZZ 2=E )9$ Pq14(&A4 W4-
)&!'5Q DT#./025, T#./0)0&.&-%$9*& 2 _*0&y*0&E= Procent atomowy 2+!#+(+./ 70&#20$'(-
!"2 2 d -$-*$.-4*+./ ,0&%'.$./ 7#"<!0= b-.04*!@ 74A#5<04*@ -$-*$.-4*4 2+*0!0 -$2$#-
(4H.0 ./#4,5 DJ3Kd w $(4,42&A4E *$ 7#-&!#4%5 '!4H*+, D,0&%'.& n[[KE3 -$2$#(4H.0 :&9$-
-$ DK3lJw $(4,42&A4E *$ 7420&#-./*0 D,0&%'.& n[[ME 4#$- :&9$-$ Dm3M[w $(4,42&A4E *$ 
7420&#-./*0 D,0&%'.& n[[m 2+'(6742$*0$ 4) .-&#20&*0 :&9$-42&%E
Miejsce / 
/pierwiastki
C O Na Mg Al Si S Ca Cr Fe Cu Sn
 !!" #$%"$ &'%"" (%$$ - (%)" - (%*( - '%") (%)# - -
 !!# "*% $ &$%&* (%&' - (%)) - (%)( (%'* (%'! "%$' (%"# -
 !!) '&%*&  )%!& (%*! (%$& (%&' (%#$ (%$ (%#' (%'& '%"! (%)) "%*"
 !!& ##%&) $&% & '%(* - (%&! (%)" (%&& - (%#! &%#! - -
`$ 74)'($20& <$)$N '!"# A$#<42$*+./ ,=0*= ,0*&#$9*0& 0 '!"# 74./4-
)-@.+./ - #":*+./ 4!#&'"2 '(20&#)-4*4 *$'(675%@.@ 7#-+)$(*4H8 $*$90-+ 
B^?S^CY 2 <$)$*0$./ !4*'&#2$(4#'!0./;
$35$ 6789(!:;3<=3$  '7>3=?$ @3 4'A3963$ ";B ! G 5,4:9020$ 7#-+<90:4*& 
4!#&H9&*0& 20&!5 742'($*0$ 4<0&!(5 -& 2-A96)5 *$ '(4'42$*& A$#<*0!0 
,0*&#$9*& 4#$- 5!0&#5*!425%& '74'"< 74'(6742$*0$ !4*'&#2$(4#'!0&-
A4 D,=0*= %$!0./ H#4)!"2 0 ,&(4) !4*'&#2$(4#'!0./ ,4:*$ 5:+8EL
$45$ 393C6>3$ 699!<D$ ";E3796;BA$F68 A'(9!<D$ ";B ! D*7= 4<&.*4H8 ,*0&%-
'-&% 95< 206!'-&% 094H.0 2$7*0$ 74-4'($1&A4 74 7#4.&'0& 2$7*0&*0$ '!"#+EL
$<5$ 393C6>3$";E3796;BA$A(B 9!<D$";B !$A$F'"(3<6$>3968<>!"><>8G (w 
'(#5!(5#-&3 *$ 7420&#-./*0EL   
$75$ 393C6>3$";E3796;BA$A(B 9!<D$";B !$A$F'"(3<6$93968"6'9!<D$A3 "(A$
'>7'49!<D 742'($1+./ 2 2+*0!5; <$#20&*0$ 95< ,$942$*0$ '!"#+ D&'(#$
1E3 74!#+2$*0$ 90.$ 2$#'(2$,0 4./#4**+,03 2+<1+'-.-$%@.+,0 &(.=L
$85$ 393C6>3$"('F963$78@ 373<=6$ ";B !3 *7= '7424)42$*&% 271+2&, ,&-
($90 G A1"2*0& :&9$-$3 ,0&)-03 .+*!5 D<$)$*0& '(47*0$ ,0A#$.%0 2 A1@< 
(!$*!0 '!"#*&% *$ 7#-&!#4%$./EL
$ &5$ 393C6>3$AFE!A?$ H '7;BA$ ;'9"8 A3(' ";6<D$ 93$ ";B I G -21$'-.-$ 
'74'4<5 2*0!$*0$ H#4)!"2 0 A16<4!4H.0 0./ 7&*&(#$.%0 D4 09& 2 H#4)!5 
)4 !4*'&#2$.%0 5:+(4 70&#20$'(!"2 ,4:902+./ )4 2+!#+.0$ 2 $*$90-0&EL
$@5$ A!'7 I4968968$ ";B $A$'468;<68$ >34!(;'A!J$?K!(!<D$A(B 968$'7$
";B !$' !@693C98=3 *7= 1$(&! 2 47#$20& -& '!"# ./#4,42+./ D&'(#$1E3 
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74)<$#204*+./ *$ !494# <#@-42+ 0 '.$9$%@.+./ '06 !494#+'(+.-*0& - 4#+-
A0*$9*@ 47#$2@L 4!#&H9&*0& #4)-$%5 A$#<42$*0$ '!"# 74))$*+./ .&94-
2+,3 $9& *0&21$H.02+, -$<0&A4,3 *7= 7#-&,$942$*0& <0$1&% 47#$2+ 
D'!"#$ A$#<42$*$ A90*424E *$ !494# <#@-42+ 2 .&95 -*02&942$*0$ #4--
9&A1+./ -*0'-.-&N ,&./$*0.-*+./ .-+ -$<#5)-&N=
Obecność w skórach 
wyprawionych pozostałości 
związków pomocniczych, środków używanych 
do zdobień oraz zanieczyszczeń
B5#42$ '!"#$ -20&#-@( -$20&#$ '!1$)*0!0 ,0*&#$9*& 2 094H.0$./ 4!414 e3lw= 
B@ (4 7#-&)& 2'-+'(!0,; 74($'3 2$7N3 ,$A*&- 0 :&9$-43 !("#& 2+'(675%@ -$-
-2+.-$% 2 74'($.0 ./94#!"23 '0$#.-$*"23 O4'O4#$*"2 0 26A9$*"2= I H9$-
)42+./ 094H.0$./ 2+'(675%@ ($!:&; !#-&,3 .+*!3 *0!0&93 $#'&*3 z54#3 0 %4)18. 
q20@-!0 (& '@ .-6H.0424 5'52$9*& -& '!"#+ 2 (-2= 2$#'-($.0& ,4!#+,3 
4<&%,5%@.+, ,=0*= -$'(4'42$*0& H#4)!"2 ./&,0.-*+./ G 4)2$7*0$*0$ 
!2$'$,0 ,0*&#$9*+,0 95< 4#A$*0.-*+,0 .-+ <04./&,0.-*+./ G 2+(#$20$*0$= 
>&)*$!:& '(470&N 5'5*06.0$ (+./ '5<'($*.%0 -$9&:+ ,=0*= 4) %$!4H.0 2+7#$2+=
I A#570& '!"# A$#<42$*+./ ,0*&#$9*0& 74'-5!5%& '06 70&#20$'(!"2 
(24#-@.+./ -20@-!0 ./&,0.-*& 4 21$H.024H.0$./ A$#<5%@.+./3 '@ (4 206. 
A1"2*0&; W3 `$3 B3 T93 b#3 q#= I$:*$ %&'( ($!:& 0)&*(+s!$.%$ 70&#20$'(!"2 
(24#-@.+./ -20@-!0 ./&,0.-*& 5:+2$*& 2 74'-.-&A"9*+./ 47&#$.%$./ (&./-
*494A0.-*+./3 ,$%@.+./ *$ .&95 7#-+A4(42$*0& (!$*!0 '!"#*&% )4 A$#<42$-
*0$3 %$!4 H#4)!"2 74,4.*0.-+./ '(4'42$*+./ 74).-$' 7#4.&'5 A$#<42$*0$ 
4#$- 2+!$N.-$*0$ '!"#= I '!"#-& -$./4)-@ #":*& #&$!.%& ./&,0.-*& 74-
,06)-+ 27#42$)-$*+,0 H#4)!$,0 ./&,0.-*+,0= `$ 7#-+!1$) 27#42$)-$-
*+ 2 '(#5!(5#6 (!$*!0 '!"#*&% #4-(2"# $15*5 95< '0$#.-$*5 A90*5 74).-$' 
A$#<42$*0$ 2./4)-0 2 #&$!.%6 - #&'-(!$,0 2$7*0$ 74-4'($1+,0 74 7#4.&-
'0& 2$7*0&*0$ '!"#+19. I 2+*0!5 (&% #&$!.%0 (24#-+ '06 A07'= U<&.*4H8 A07'5 
 18 I= i$'&!3 47= .0(=3 '= JlM=
 19 I4)4#4(9&*&! 2$7*0$ '-+<!4 -$,0&*0$ '06 2 26A9$* 74) 271+2&, bU
2
 - 7420&(#-$= 
q20@-!0 2$7*0$ 742'($1& 2 '!"#-& 2 7#4.&'0& 2$7*0&*0$ D,=0* ,+)1$E 7420**+ -4'($8 -& 
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2 '!"#-& ,4:& (&: <+8 2+*0!0&, 5:+.0$ #4-.0&N.-4*&A4 !2$'5 '0$#!42&-
A4 2 7#4.&'0& 4)2$7*0$*0$ '!"#+ D.4 .-+*04*4 4) YZY 20&!53 74A$#'-$-
%@. (#2$14H8 '!"#+E 95< (&: <+8 2+*0!0&, #&$!.%0 ,06)-+ #&'-(!$,0 -20@-!5 
2$7*042&A4 - (9&*!$,0 '0$#!0 - 7420&(#-$= >&'-.-& 0**+, 7#-+!1$)&, ,4-
:& <+8 7#-&#&$A42$*0& $(#$,&*(5 :&9$-424SA$95'42&A4 - 26A9$*&, 2$7-
*0$ 2 '!"#-&3 *7= *$ 47#$2$./3 74 !("#+./ 70'$*4 95< ,$942$*4 $(#$,&*-
(&, :&9$-424SA$95'42+,= `$ -$./4)-&*0& (&% #&$!.%0 -2#$.$1 52$A6 F4-
<&#( g5./'3 4,$20$%@. 2:&#+ $(#$,&*(42& *$ 7&#A$,0*0&20.
U<&.*4H8 74-4'($14H.0 -20@-!"2 ./&,0.-*+./ 74 *0&!("#+./ 47&#$-
.%$./ (&./*494A0.-*+./ D,$%@.+./ ,0&%'.& -$#"2*4 7#-&) A$#<42$*0&,3 %$! 
0 *0,E 4#$- -$*0&.-+'-.-&N ,4:& '!4,790!42$8 0*(&#7#&($.%6 2+*0!"2 <$-
)$N3 74*0&2$: 74'-&#-$ '!1$) 70&#20$'(!42+ <$)$*+./ '!"#= `$%.-6H.0&% 
0)&*(+s!42$*& 70&#20$'(!03 <6)@.& 74-4'($14H.0$,0 4,$20$*+./ '5<'($*-
.%0 74,4.*0.-+./3 $ ($!:& 2./4)-@.+./ 2 '!1$) '5<'($*.%0 5:+2$*+./ )4 
-)4<0&*0$ '!"# 4#$- 4'$)-$%@.+./ '06 *$ '!"#-& -$*0&.-+'-.-&N 7#-&)'($-
wiono w (348C6$ *.
f$<&9$= K= a#-+!1$)+ '5<'($*.%03 - !("#+./ ,4A@ 74./4)-08 2'!$-$*& 70&#20$'(!0 -*$%)5%@-
.& '06 2 '!"#$./ #":*&% 2+7#$2+
Na +,-.+/0-1234+53- 6+78-9:8;<7- =>:85?@=3- A7B:3- A1:84<-C:D<;-E5?=?<FG-1234+53- 6+78-;8;+H<7-4-E+:I84+5?1-E0?5843F
I,- A80<- =>:8F84<-AH8A84+5<-;8-E+:I84+5?+- D+4?<:+6@=<-4-A7J+;D?<- AB;G-
=,-.+"K-1234+53- ;8- C:D3AC?<AD85<E8- LHD4M- D+8AH:D85<E8,-4+C5?<5?+- A7B:- LN?;<O-P5>+?:?5E-Q?;<A- I3-K10C>?;<- 8R- K8-
;?1F%-/1H0<:%-Q+00-S-T8:=><:A%-T8AH85-'!!#,G-
;,-C8H- 01;D7?- L=DUAH8-5+-C84?<:D=>5?- A7B:3-8C:+4-7A?@E%- :U7+4?=<,- ?- D4?<:DU=3- LA?8;J+%- 1C:DU2<- <H=M,
<,M-48;+-AH8A84+5+-C8;=D+A-C:D<:BI7?- A7B:3
V +,-C8H- 01;D7?-
I,-48;+-AH8A84+5+-C8;=D+A-43C:+43-A7B:3
/0 +,-48;+-AH8A84+5+-C8;=D+A-43C:+43-A7B:3-
I,-/+/0"-C8D8AH+J3-C8-8;4+C5?+5?1- A7B:3- :8DH48:<F-Q/0
W0 +,-W0LKX),#- Y- '!-Q"X-AH8A84+53- 6+78-9:8;<7->+F16@=3-4D:8AH-;:8I581AH:86B4-4-70<6+=>- ?5H:80?E+H8:A7?=>- L70+6AH:3,G
I,-W0LKX),#- Y-'!-Q"X-1234+53- 6+78-9:8;<7-C8F8=5?=D3-4-I+:4?<5?1-A7B:- LN?;<O-/M-Z8:R?H%-[><-W:HA-8R-[+55?5E%-/1:-
:3?5E%- +5;-\<+H><:-]:<AA?5E%-^>?0+;<0C>?+-'!$"%- AM- #**- ?- 5M,G-
=,-E0<I+- LA7B:+- D-4378C+0?A7- +:=><808E?=D53=>%- D+I:1;D85<-1C:DU2<- 78_A7?<- ?- A?8;J+%- 78J=D+53,-
;,-C3J- D- =<E0+53=>-9=?+5- LD5?AD=D<5?+-486<55<%- :<F85H3,
'!"#+ 5'5*06(& 2 7#4.&'0& (-2= 4)2$7*0$*0$= q$2'-& %&)*$! -4'($%& 7&2*$ 0./ 094H83 (+, 
206!'-$ 0, *0&)4!1$)*0&% 7#-&7#42$)-4*+ -4'($1 7#4.&' 4)2$7*0$*0$= 
 20 F= g5./'3 @[(6-* 1$/%+6-8L#-81*  %6 '(#%Q,* $* 6(%"/L-K* H6+?.('-* $81* 6(/% "6 8R$3 PU./#4*$ q$-
<+(!"2Q Jccc3 (= lK3 '= Jnn=
Przykłady wykorzystania analizy SEM-EDX do badań... 271
P +,-E0<I+-
I,- D+5?<=D3AD=D<5?<-C8D8AH+J<- D- A1:84=B4-4-A?+:=D+5?<-E0?51- 01I- +J15?<-E0?5848`C8H+A843FG
Mg +,-48;+-AH8A84+5+-C8;=D+A-43C:+4?+5?+- A7B:3G
I,-E0<I+
Si +,-E0<I+%- D?+:5+-C?+=>1
I,- D+5?<=D3AD=D<5?<-C8D8AH+J<- D- A1:84=B4-4-A?+:=D+5?<-E0?51- 01I- +J15?<-E0?5848`C8H+A843FG-
Fe +,-48;+-AH8A84+5+-C8;=D+A-43C:+4?+5?+- A7B:3G
I,- =D<:4?<5?<- 2<0+D84<- LAH8A84+5<-;8-I+:4?<5?+- a- D;8I?<5?+- A7B:,G
=,- D+5?<=D3AD=D<5?<-C8D8AH+J<- D- A1:84=B4-4-A?+:=D+5?<-E0?51- 01I- +J15?<-E0?5848`C8H+A843FG
;,-E0<I+
Ca +,- A80<-4+C5?+- L:<ADH7?- C8D8AH+J<-C8-8;4+C5?+5?1,
I,-48;+-AH8A84+5+-C8;=D+A-43C:+4?+5?+- A7B:3G
=,-C3J- D<- 9=?+5- LAD0?R84+5?<-I?+J3=>-<F10A6?- ?- D+C:+4-C8;=D+A- :<F85HB4,G
;,- 0+7?- I+:45<-1234+5<-;8-I+:4?<5?+- A7B:- LI+:45?7?-8:E+5?=D5<-I3J3- =DUAH8-8A+;D+5<-5+-4UE0+5?<-4+C5?+,G-
Cr +,-;41=>:8F?+5-C8H+A1-1234+53- 6+78-9:8;<7-C8F8=5?=D3-C:D3-I+:4?<5?1- A7B:
S +,-C8D8AH+J89=?-5+A7B:7+-8:+D-:<ADH<7-4J8AB4-4-F?<AD7+=>-L5?<1A15?UH<-:<ADH7?-C8;=D+A-8I:BI7?-A7B:3-b-8I<=589c-7<-
:+H353- D+4?<:+6@=<6- A?+:7U,G-
I,-.+"K-1234+53-;8-C:D3AC?<AD85<E8- LHD4M- D+8AH:D85<E8,-4+C5?<5?+- A7B:
=,-KXd- D-C84?<H:D+
B!"#$3 %$! 20&9& 0**+./ ,$(&#0$1"2 -$<+(!42+./3 !5,595%& 7#-&- 20&!0 
20&9& -$*0&.-+'-.-&N= q*$.-*$ 094H8 70&#20$'(!"2 27#42$)-$*$ %&'( ($!:& 
74).-$' A$#<42$*0$ '!"# $15*&, A90*424S74($'42+,3 74*0&2$: 4(#-+,+-
2$*4 A4 ,=0*= - $15*0("2= f$ A#57$ ,0*&#$1"2 '0$#.-$*42+./ ,$ 2 '24-
0, '!1$)-0& #":*& 70&#20$'(!03 ($!0& %$! *7=; g&3 a3 ]03 `$3 ]$3 b$21= ?4:-
*$ '(20&#)-083 :& '!"#+ -$<+(!42& (4 '240'($ P($<90.$ ?&*)&9&%&2$Q3 A)+: 
-*$.-*$ .-6H8 (24#-@.+./ %@ 70&#20$'(!"2 %&'( 2+!#+2$*$ 2 <$)$*+./ 7#"<-
!$./= q$<#5)-&*0$ !5#-&,3 <14(&, 0 20&94,$ 0**+,0 '5<'($*.%$,0 7#-+-
.-+*0$%@ '06 )4 742'($2$*0$ .0&,*+./ *$2$#'(20&N *$ '!"#-& D&'(#$ %*)$ %+). 
B!1$) 70&#20$'(!42+ -*$.-*0& 5#4-,$0.$%@ O$#<+ 5:+2$*& )4 )&!4#$.%0 2+-
#4<"2 '!"#-$*+./= q0)&*(+s!42$*0& 2 $*$90-0& B^?S^CY 2+'(675%@.+./ 
2 <$)$*+, ,$(&#0$9& 70&#20$'(!"2 4#$- 5'($9&*0& 2-4#"2 -20@-!"2 ./&-
,0.-*+./ 74-2$9$ 4!#&H908 20&! -$<+(!5 0R95< 2+!4*$*+./ -)4<0&N 0 7#-&-
,$942$N= B-.-&A"9*0& 4<s.0& -)4<04*& '@ !$#(+ 7&#A$,0*5 G ,0*0$(5#$,03 
<4#)05#$,0 0 7#-&70'+2$*+,0 (&!'($,0= I 2+*0!5 4)!'-($1.&*0$ '06 7&#A$-
,0*53 !("#+ %&'( ,$(&#0$1&, <$#)-4 2#$:902+, *$ -,0$*+ 209A4(*4H.0 74-
20&(#-$3 *$*0&'04*& 70A,&*(+ 4'+75%@ '06 0 '@ 0)&*(+s!42$*& 2 74'($.0 7+15 
 21 F= i= g#4'(3 C= i= I$0*3 ;( 6*$#46 6(B*/9(8%6+/8+9-*+4 *# %"6 .* ."#$%(/3 kB7&.(#4./0,0.$ T.-
($Q a$#( T; ?49&.59$# $*) ]04,49&.59$# B7&.(#4'.47+ Kee[3 (= nJ3 *# K3 '= dceGdcl=
272 T K, G S, G T
*$ 7420&#-./*0$./ *0&4-)4<04*+./= I -$7#&-&*(42$*+, 2 *0*0&%'-&% 7#$-
.+ 7&#A$,0*0& -0)&*(+s!42$*4 70&#20$'(!0 (24#-@.& ,4'0@)- D'(47 ,0&)-0 
0 .+*!5E= ?4'0@)- 2 74'($.0 '7#4'-!42$*&% 5:+(4 2 .&95 2+!4*$*0$ 0,0($-
.%0 -14.&N 2 %&)*+, - *$%<$#)-0&% .&**+./ !4)&!'"23 %$!0, %&'( Pq14(+ W4-
)&!'Q 7#-&./42+2$*+ 2 T#./025, T#./0)0&.&-%$9*+, 2 _*0&y*0& D&'(#$%2).
Uwagi końcowe
f&./*0!$ B^?S^CY %&'( <$#)-4 7#-+)$(*$ 74).-$' )4!4*+2$*0$ ./$#$!-
(&#+'(+!0 '!"#3 )-06!0 ,4:9024H.0 -0)&*(+s!42$*0$ 20&95 70&#20$'(!"2 -*$%-
)5%@.+./ '06 2 <$)$*+./ 7#"<!$./3 4#$- 4!#&H9$*0$ #4-,0&'-.-&*0$ (+./ 
70&#20$'(!"2 2 4<#6<0& 7#"<&!= Z*(&#7#&($.%6 2+*0!"2 <$)$N 51$(20$ -*$-
%4,4H8 74)'($2 (&./*494A00 2+7#$2+ '!"# 0 ,&(4) 0./ -)4<0&N3 %&)*4.-&-
H*0& *$9&:+ -)$2$8 '4<0& '7#$26 - 4<&.*4H.0 #":*+./ #4)-$%"2 -$*0&.-+'--
.-&N 27#42$)-4*+./ 70&#24(*0& 95< 2("#*0& )4 '!"#= I+*0!0 <$)$N 5-+-
'!$*& - 2+!4#-+'($*0&, (&% (&./*0!0 *0& )$%@ %&)*$! 2'-+'(!0./ 0*O4#,$-
.%0 4 <$)$*+./ 7#"<!$./= I 7#$!(+.& '(4'5%& '06 ($!:& 20&9& 0**+./ $*$90- 
4 ./$#$!(&#-& 5-57&1*0$%@.+,3 ($!0./ %$! *7= #&$!.%& ,0!#4./&,0.-*&3 4<-
'&#2$.%& 74) ,0!#4'!47&, '(&#&4'!4742+,3 <$)$*0$ z54#&'.&*.%0 7#"<&! 
2-<5)-4*&% 7#4,0&*0$,0 \h D*$%.-6H.0&% \hS$E=
Summary
Examples of application of the SEM-EDX technique to examination 
of antique mineral tanned leathers
T7790.$(04* 4O  (/&  B^?S^CY (&./*0{5& O4# )&(&#,0*$(04* 4O  &9&,&*(' 0* $95, $' 
2&99 $' ./#4,& ($**&# 9&$(/&#' )0'.5''&) 0* (/& $#(0.9&= f/&'& 9&$(/&#' $#& O45*) 0* 
,5'&5,3 90<#$#+ $*) $#./0j$9 .499&.(04*'= T95, ($**&# 9&$(/&#' $#& !*42* '0*.& $*.0&*( 
7&#04) 2/09& ./#4,& ($**&# 9&$(/&#' O4# Jc(/ .= ^p$,79&' 4O  (/& 5'& 4O  9&$(/&# '$,79&' 
&p$,0*$(04* $*) #$*A& 74''0<090(0&' .#&$(&) <+ (/& (&./*0{5& 7#&'&*(&)= T))0(04*$9 
'5<'($*.&' D*4( <&0*A ($**0*'E (4 <& O45*) 0* 9&$(/&# '(#5.(5#& $) '5#O$.& '5./ $' 
$5p090$#+ $A&*('3 )&.4#$(0j& 9$+&#'3 .4*($,0*$(04*'3 O4.5'&) 4*= f/& B^?S^CY (&./*0{5& 
0' 5'&O59 *4( 4*9+ O4# ./$#$.(&#0-$(04* 4O  &9&,&*(' .4,74'0(04* 4O  9&$(/&#'3 <5( $9'4 
.4*(#0<5(&' (4 7#&'&#j$(04* 4O  .59(5#$9 /&#0($A& <+ A0j0*A 74''0<090(0&' 4O  79$**0*A 
.4*'&#j$(04* (#&$(,&*(' $*) &p$,0*0*A 0*z5&*.& 4O  .4*'&#j$(04* ./&,0.$9' 4* 9&$(/&#'=
[273]
g4(= J= B!"#$ A$#<42$*$ A90*424 5:+($ )4 47#$2+ !'06A03 '($#4)#5!3 4!1$)-0*$ 
7#-&)*0$3 -<04#+ ]0<904(&!0 ^9<9@'!0&% DO4(= f= W4-0&9&.E
[274]
g4(= K= B!"#$ A$#<42$*$ A90*424 5:+-
($ )4 47#$2+ !'06A03 '($#4)#5!3 '(#4*$ 
A#-<0&(42$3 -<04#+ ]0<904(&!0 ^9<9@'!0&% 
DO4(= f= W4-0&9&.E
[275]
g4(= M= W$O($* 74) !49.-5A6 2+!4*$*+ - (!$*0*+ 0 '!"#+ A$#<42$*&% A90*424 D,4.*4 -$-
<#5)-4*$E3 '(#4*@ ,0-)#42@ *$ -&2*@(#-3 4!= Jnee #=3 -<04#+ ]0<904(&!0 aT` 2 W"#*0!5 
DO4(= f= W4-0&9&.E
g4(= d= W$O($* 74) !49.-5A6 2+!4*$*+ - (!$*0*+ 0 '!"#+ A$#<42$-
*&% A90*424 G -<90:&*0& .-6H.0 '!"#-$*&%3 4!= Jnee #=3 -<04#+ ]0<904-
(&!0 aT` 2 W"#*0!5 DO4(= f= W4-0&9&.E
[276]
g4(= l= a#"<!$ <0$1&% '!"#+ A$#<42$*&% A90*424 74./4)-@.&% - 7$'!$ 
'74)*0 D74) !49.-5A63 4!= Jnee #=E= U<#$- 7#-&!#4%5 7#"<!0 5-+'!$-
*+ 7#-+ 5:+.05 )&(&!(4#$ ]B^= |"1(@ #$,!@ -$-*$.-4*4 4<'-$# 74-
,0$#5 7#"<!0 )4 2+!4*$*0$ $*$90-+ ^CY= q$2$#(4H8 A90*5 2 <$)$-
*05 ^CY D7$(#- 470' O4(= mE 2+*04'1$ K3dlw $(4,42&A4 )9$ <$)$-
*&A4 4<'-$#53 74206!'-&*0& Jle p DO4(= _= f#+!42'!03 f= W4-0&9&.E
g4(= m= a#"<!$ <0$1&% '!"#+ A$#<42$*&% A90*424 74./4)-@.&% - 7$'!$ 
'74)*0 D74) !49.-5A63 4!= Jnee #=E= U<#$- 7#-&!#4%5 7#"<!0 5-+'!$-
*+ 7#-+ 5:+.05 )&(&!(4#$ ^CY G ,$7$ #4-,0&'-.-&*0$ A90*5 2 .$-
1&% 7#"<.& H20$).-@.$ 4 2+'(6742$*05 A90*5 *$ .$1&% A#5<4H.0 7#"<-
!0 '!"#+3 .4 %&'( '7&.+s.-*& )9$ (+./ '!"#3 74206!'-&*0& Jle p DO4(= 
_= f#+!42'!03 f= W4-0&9&.E
[277]
g4(= n $ 0 <= a#"<!$ :"1(4S!#&,42&% '!"#+ A$#<42$*&% A90*4243 74./4)-@.&% - 9$,"2!0 -$-
<+(!42&A4 '04)1$= U<#$- 7420&#-./*0 7#"<!0 5-+'!$*+ 7#-+ 5:+.05 )&(&!(4#$ ^CY G ,$7$ 
#4-,0&'-.-&*0$ 2$7*0$ D!494# .-&#24*+E 0 '0$#!0 D!494# -0&94*+E 2 .$1&% 7#"<.& H20$).-@.$ 
4 4<&.*4H.0 A07'53 74206!'-&*0& Jeee p DO4(= _= f#+!42'!03 f= W4-0&9&.E  
F+'= J= B./&,$( <5)42+ '!"#+ 2+7#$204*&% DM 2$#'(2+ 4))-0&94*4 
4) '0&<0& 90*0@ 7#-&#+2$*@E D#+'= f= W4-0&9&.E
[278]
F+'= K= a#-+A4(42$*0& 7#"<!0 )4 <$)$N 7420&#-./*0 2#$- - 7#-&-
!#4%&, '!4H*+, D#+'= f= W4-0&9&.E
g4(= [= a#"<!$ '!"#+ A$#<42$*&% ./#4,424 74./4)-@.&% - 1$(!0 
D74 YYS20&.-*+./ #&7&#$.%$./E 5:+(&% )4 2("#*&% 47#$2+ Pq14(&-
A4 W4)&!'5Q  DT#./025, T#./0)0&.&-%$9*& 2 _*0&y*0&E= U<#$- 74-
20&#-./*0 7#"<!0 D7$#(0$ 4) 74142+ 2 )"1 G %$H*0&%'-$E 0 7#-&!#4%5 
'!4H*&A4 D7$#(0$ 4) 74142+ 2 A"#6 G .0&,*0&%'-$E 5-+'!$*+ 7#-+ 
5:+.05 )&(&!(4#$ ]B^= q$-*$.-4*4 d ,0&%'.$ 74,0$#5; M 4<'-$#+ 
7#4'(4!@(*& Dn[[K3 n[[M3 n[[mE 0 %&)&* 4<'-$# 75*!(42+ Dn[[dE )4 
2+!4*$*0$ <$)$*0$ ^CY3 74206!'-&*0& Mee p DO4(= _= B-.-&7$N-
'!$3 f= W4-0&9&.E
[279]
g4(= c= a#"<!$ '!"#+ A$#<42$*&% ./#4,424 74./4)-@.&% - 1$(!0 D74 
YYS20&.-*+./ #&7&#$.%$./E 5:+(&% )4 2("#*&% 47#$2+ Pq14(&A4 W4-
)&!'5Q DT#./025, T#./0)0&.&-%$9*& 2 _*0&y*0&E= U<#$- 7420&#-./-
*0 7#"<!0 0 7#-&!#4%5 '!4H*&A4 5-+'!$*+ 7#-+ 5:+.05 )&(&!(4#$ 
^CY G ,$7$ #4-,0&'-.-&*0$ :&9$-$ *$ 7420&#-./*0 '!"#+ D74./4-
)-@.&A4 - .-&#20&*0 :&9$-42&%E 4#$- ./#4,5 *$ 7#-&!#4%5 '!4H*+,
g4(= Je= a#"<!$ 74./4)-@.$ - 7&#A$,0*5 5:+(&A4 2 Pq14(+, W4-
)&!'0&Q DT#./025, T#./0)0&.&-%$9*& 2 _*0&y*0&E= U<#$- 7#-&!#4%5 
7#"<!0 7&#A$,0*5 D- 0,0($.%@ -14.&*0$ *$ %&A4 7420&#-./*0E 5-+'!$-
*+ 7#-+ 5:+.05 )&(&!(4#$ ^CY G ,$7$ #4-,0&'-.-&*0$ ,=0*= ,0&-
)-0 0 .+*!5 D'(47 (24#-@.+ ,4'0@)-E3 74206!'-&*0& Klee p  DO4(= 
_= B-.-&7$N'!$3 f= W4-0&9&.E
[280]
g4(= JJ= q$-*$.-&*0& 4<'-$#5 7#-&-*$.-4*&A4 )4 $*$90-+ ^CY 
-$ 74,4.@ 90*00 )47$'42$*&% )4 !'-($1(5 7#"<!0= U<#$- 7#-&!#4-
%5 7#"<!0 5-+'!$*+ 7#-+ 5:+.05 )&(&!(4#$ ]B^3 74206!'-&*0& Kle p 
DO4(= _= f#+!42'!03 f= W4-0&9&.E
g4(= JK= B!"#$ - )-0!0&A4 -20&#-6.0$ D7#$2)474)4<*0& '$#*$ 95< 
%&9&NE A$#<42$*$ A90*4243 20)4! 2 ,0!#4'!470& '(&#&4'!4742+,3 
H20$(14 4)<0(&3 74206!'-&*0& n p DO4(= f= W4-0&9&.E
[281]
g4(= JM= B!"#$ - )-0!0&A4 -20&#-6.0$ D7#$2)474)4<*0& '$#*$ 95< %&-
9&NE A$#<42$*$ A90*4243 <$#)-4 0*(&*'+2*0& -$<#5)-4*$ 7420&#-./-
*04243 .4 -206!'-+14 -$2$#(4H8 A90*5 2 7#"<.&3 20)4! 2 ,0!#4'!4-
70& '(&#&4'!4742+,3 H20$(14 4)<0(&3 74206!'-&*0& n p DO4(= f= W4-
-0&9&.E
